Man has become the main predator of many animal species. Because the characteristics of humans are quite distinct with respect to other terrestrial predators, the cost and bene®ts of defence behaviour may also dier. In this paper, we study the factors aecting nest defence behaviour of the Eurasian Kestrel (Falco tinnunculus canariensis) against a potential human predator throughout the reproductive cycle, as well as the balance of cost and bene®ts of this behaviour. The study population inhabits the island of Tenerife, and the nests are located on clis. The intensity of the defensive behaviour was unrelated to the frequency of human visits, prey abundance (Orthoptera, Coleoptera, lizards, birds and rodents), laying date, or number of ospring in the nest. Both males and females increased their defensive behaviour as the nesting period advanced, particularly when the chicks were older than 15 days. Moreover, the intensity of the defensive behaviour, especially of males, decreased when nests were more inaccessible. Although nest defence behaviour against humans appeared to be similar to those against other predators, the bene®ts are not clear because the probability of nest robbing was greater for these more aggressive pairs.
Introduction
Ospring survival depends on dierent components of parental care, such as defence and feeding (Clutton-Brock 1991) . These activities are usually incompatible since a progenitor cannot, for example, feed its ospring while defending them against predators and it could not defend them if it is far away looking for food. Hence, parents are frequently in a trade-o between feeding and to defending nestlings (Bierman & Robertson 1983; Curio et al. 1985; Martin 1992; Ueta 1999 ). Several theoretical and empirical studies have hypothesized on factors that could aect this compromise:
1 Food abundance may positively aect defensive behaviour, because parents needing less time to satisfy nutritional requirements of their family can spend more time defending them (Martindale 1982; Martin 1992) .
2 A greater risk of predators may intensify the defence of the nest (Redondo 1989) . Predation risk depends on both the vulnerability of the nest (Gottfried 1979) , and its conspicuousness, which increases as chicks grow (Harvey & Greenwood 1978; Greig-Smith 1980) . Nest defence could be determined by the parents' own risk of predation (Dale et al. 1996) .
3 Bene®ts of defensive behaviour will be higher when the ospring are more valuable. Hence, it should be expected that the intensity of defensive behaviour correlates with the number of ospring (Ricklefs 1977; Gottfried 1979; Curio 1987; Wallin 1987) , with their age Curio et al. 1984; Redondo 1989) , and with the survival prospects of ospring (Hakkarainen & KorpimaÈ ki 1994) .
4 The defensive behaviour can be more productive when the capacity for defence is higher. In species with sexual dimorphism the function of the male and the female in defending the nest can vary according to the dierence in size of each (JoÈ nsson & Alerstam 1990) . It has been suggested that, in birds of prey, the greater aggressiveness of females could be related to their larger size with respect to males (Snyder & Wiley 1976; Newton 1979) , although in some studies the opposite is often true (Wiklund & Stigh 1983; Andersson & Wiklund 1987; Wiklund 1990 ).
All of these hypotheses stem from the assumption that the bene®ts of defending the nest outweigh the costs. Nevertheless, the bene®ts of the defensive behaviour may vary according to the type of predator. Defensive response may not always be adequate with all predators. For example, distraction behaviour may not have an eect on some predators and could even be counterproductive with other predators. Various studies have demonstrated that some species of birds can distinguish between dierent predators and react with varying levels of defence (Armstrong 1956; East 1981; Curio et al. 1983; Byrkjedal 1987; Brunton 1990) . Some can even dierentiate between dierent threatening behaviours by humans (Armstrong 1956; Knight & Temple 1986a) . Nevertheless, this does not indicate that defensive behaviour is equally rewarding in every case.
In many ecosystems man has become the main predator, and in some areas the only one. This is the case with the Eurasian kestrel (Falco tinnunculus canariensis) on Tenerife island in the Canary archipelago, where we studied its 866 behaviour of nest defence. Some species in Tenerife could pose a threat to the kestrel, for example Tyto alba (Mikkola 1983), Accipiter nisus (Newton 1979) , Falco peregrinus/pelegrinoides (Ratclie 1980), Buteo buteo (Carrillo, pers. obs.) , Corvus corax and Larus cachinnans (A. MartõÂ n, pers. comm.), but the only barn owl inhabits in the study area. We have not detected any threat from feral cats. However, man is the main predator of kestrel nests, destroying clutches or robbing nestlings, normally to use as pets. In this study, we examine the eects of food abundance, brood value and risk of nest predation on the intensity of nest defence of kestrels against potential human predators. We also analyse the balance between costs and bene®ts of this defensive behaviour.
Methods

Species and Study Area
The area of the study covers 100 km 2 on the south-east slopes (0±400 m above seas level) of Tenerife island (27°55¢±28°40¢ N, 16±17°W), Canary archipelago (28°N, 17°W). The arid conditions (annual rainfall 100±350 mm, with sporadic warm Saharan winds and high solar radiation) favour the expansion of Euphorbia plants (see GonzaÂ lez HenrõÂ quez et al. 1986 ). The area includes three villages and rural areas with some greenhouses and few buildings, some of which are used as shelters for farm animals.
Local kestrels are sedentary and breed in natural rocky cavities (98%) and in old nests on rocks left by Corvus corax (2%). They will even nest in the area surrounding an airport and on the slopes overlooking a motorway; outside the timescale of this study, a nest was found in a hole in the ground (N. Trujillo & J. Carrillo, pers. obs.) . Clutch size and brood size¯uctuate very little between years: the mean size of clutch from 1992 to 1994 was 4.22 (n 18), 4.94 (n 18) and 4.27 (n 11), respectively; the mean number of nestlings was 3.72 (n 18), 3.66 (n 18) and 4.09 (n 12), respectively; and the mean number of¯edglings was 3.33 (n 18), 3.38 (n 18) and 3.16 (n 12), respectively. The diet of the local kestrel population includes small rodents, insects (especially Coleoptera, Orthoptera and Hymenoptera), lizards and birds; however, nestlings are mainly fed with lizards, which are the prey most often found in the nests (91.1%, n 550, J. Carrillo, unpubl. data).
General Methods
Nest-sites were located before the onset of laying, and checked regularly to determine laying date, clutch size, brood size and number of¯edglings. The chicks were measured, weighed and ringed when they were between 15 and 20 d old (for details see Aparicio 1994) .
The accessibility of the nests was estimated as the height between accessible land and the nest site. The availability of prey was assessed through the whole of 867 Nest Defence Behaviour of the Eurasian Kestrel the reproductive cycle, from Jan. to Jun. inclusive. Data were collected in seven plots of 12.5 ha each every 15 days, and always on sunny days to register potential prey when they were most active. Lizards (Gallotia galloti) were counted using the number of times a lizard was seen or heard within a 2-m radius from the observer while following perimetric transects of 500 m around nests. Birds which could be prey for the kestrels were counted when they were seen or heard in rectilinear transects of 700 steps (500 m) in each patch (TellerõÂ a 1977) , in dierent transects from those for lizards. Mice were sampled at night by installing 70 traps per session (10 traps in each patch, 140 per month). Each trap was separated one by 5 m. The number of arthropods longer than 5 mm were counted over periods of 2 min, in 15 circular areas with a 1-m radius, each area being separated by 10 steps, in seven plots.
Experimental Protocol
Reproductive performance and nest defence behaviour was studied in 29 kestrel pairs in 1993 and 1994. Man is the cause of most of the kestrels' losses in the area studied, especially through people taking chicks from the nest. In this study, the investigator was considered a potential predator. In each trial the defensive reaction of the kestrels was recorded while the investigator was standing for 20 min at the base of the cli where the nest was located. The response of the kestrels was evaluated according to a scale based on the Wiklund & Village's experiment (1992) . The birds were scored from 1 to 5 as follows: (1) the birds were not observed in the area; (2) they were seen leaving the area before the end of the observation; (3) the birds remaining around the nest but did not show any defensive response; (4) the birds were present, giving warning calls, either sitting near to the nest or circling over the observer; (5) the birds attacked in swooping dives within 1 m of the observer. If the birds responded within the scale the highest response was noted.
Because the kestrel perceives a person close to the nest as a potential predator, more frequent visits should be indicative of a higher density of predators. Therefore, we experimentally manipulated the density of predators by varying the frequency of visits to the nest during the reproductive period.
For analyses, breeding cycle was divided into four phases: (A) Pre-laying (1 mo before laying), (B) incubation, (C) chicks younger than 15-day-old and (D) chicks older 15 d in the nest. The mean response of each bird was estimated for each period.
Results
Sex Dierences in Nest Defence
During the ®rst three periods Ð prelaying, incubation, and ®rst half of the nestling period Ð males were absent from the nest (response 1) more frequently 868 than females (Fisher exact probability test: p 0.05, p 0.01 and p 0.04, respectively). The results were expected, taking into account the fact that the female is in charge of egg laying, incubation, brooding, and feeding nestling with food delivered by the male. Nevertheless, there was no signi®cant dierence in the degree of aggressive behaviour between the two parents (Wilcoxon pair text: Z s < 0.9, p s > 0.3; Fig. 1 ).
The intensities of defensive behaviour by both members of the pair were positively correlated during incubation and ®rst nestling period (in both cases r s > 0.4, n 27, p < 0.02). However, there was no signi®cant correlation between their defensive response in the prelaying period (r s 0.35; p 0.13, n 20) and in the second part of the nestling period (r s 0.06; p 0.76, n 24).
Eect of Nest Accessibility
The average height of the nest above the ground was 4.0 m (range 1.2±10.1 m). With the exception of the prelaying period, the intensity of the male's defensive behaviour was negatively correlated with the height of the nest. Female aggressiveness in nest defence was also negatively correlated with nest height during incubation and ®rst half of the nestling period, but not during prelaying or the second half of the nestling period (Table 1) . 
Eect of Ospring Value
The ospring value is probably related to the number of eggs/chicks in the nest, laying date (since it frequently determines the young's survival) and ospring age. Therefore, if the ospring value aects nest defensive behaviour, we would expect a correlation between nest defence and any of those variables. However, neither the number of ospring (eggs or chicks) present in the nest nor laying date were signi®cantly correlated with defensive behaviour of either sexes. In contrast, both males and females increased the degree of aggressiveness in nest defence as the breeding cycle progressed (females mean r s 0.51 0.09 SE, n 28 pairs, p < 0.0001; males mean r s 0.51 0.08, n 28, p < 0.0001; see also Fig. 1 ).
Eect of Predator Density
We varied the number of visits to the nest with the purpose of simulating a variable predatory pressure. There was no correlation between the intensity of the defensive behaviour of the male or the female and the number of visits to the nest made by the investigator in any of the periods ( Table 2) .
Eect of Prey Abundance
During the four reproductive stages considered in this study, the abundance of ®ve groups of prey was studied (Orthoptera, Coleoptera, lizards, birds and rodents). We found no correlation between the abundance of any prey and the intensity of defensive behaviour (in all cases r s < 0.35, n > 20, p > 0.1).
Defensive Aggression and Predators
Four of the 29 nests studied were the victims of predators. In all four nests there was evidence, direct or indirect, that the predator had been man. In three of 870 the nests chicks were stolen when they were about 15 d old, and the fourth nest was destroyed during incubation. A logistic regression was used to analyse if the probability of predation was related to the aggressive behaviour of the kestrel pair. As a measurement of aggressive behaviour we used the average response of the male and the female during the period before predation took place. The intensity of defensive behaviour was closely related to the probability of nest predation (Wald 9.12; SPSS 1922; p 0.025; Fig. 2 ). This phenomenon could have occurred through the indirect eect of the height of the nest, since the lowest nests are the ones that are most intensely defended, and they are also the ones that are the most open to predators. This possibility was discounted, however, because the height of the nests that were robbed (mean SD: 424 138, n 4) was not signi®cantly lower than the height of the nests that were not robbed (339 134, n 25; U-test, Z 0.94, p 0.34). This suggests that aggressive behaviour, when directed towards a human, could be counterproductive for the reproductive success of a kestrel pair.
Discussion
In many ecosystems, man has became the main predator of some animals because large predators have been eliminated or, in the case of certain islands, were never present. Human predator characteristics are quite dierent from those of other predators, as man can use tools to hunt and to reach nest sites or other refuges. Although human abilities dier from other terrestrial predators, kestrels appear to show similar antipredator behaviour against man as against other predators (Tolonen & KorpimaÈ ki 1995) .
There was no signi®cant dierence in the degree of aggressive behaviour between the males and the females. In the kestrel, as in many species of birds of prey (Brown 1976; Newton 1979) , the division of roles between the sexes is pronounced. While the male hunts and delivers food for the family, the female lays eggs, incubates, feeds and protects the young during their ®rst 2 wk of life. From the third week onwards both male and female cooperate in supplying food to the ospring (Masman et al. 1989; Tolonen & KorpimaÈ ki 1994) . Despite the female staying near the nest longer than male, they did not act more aggressively than their male partners. The similarity in the level of aggressive behaviour between both parents disagrees with the hypothesis of reversed sexual dimorphism in raptors, which suggests that the female is larger than the male because her parental role includes nest defence (Breitwisch 1988) . Other studies with raptors found that the male defended even more aggressively than the female (Nyctea scandiaca, Wiklund & Stigh 1983; Buteo lagopus, Andersson & Wiklund 1987; Falco columbarius, Wiklund 1990 ). However, Tolonen & KorpimaÈ ki (1995) found a positive relationship between the parents intensity of defence and their body size in kestrels. Both females and males intensi®ed their defensive behaviour from the mating period to the time when the chicks were older than 15 days. This seasonal behaviour has been observed in birds of prey (Buteo lagopus, Andersson & Wiklund 1987; Strix aluco, Wallin 1987; Buteo jamaicensis, Andersen 1990; Aquila adalberti, Ferrer et al. 1990; Falco columbarius, Wiklund 1990 ; Otus asio, Sproat & Ritchison 1993; Asio otus, Galeotti et al. 2000 ; but see Tolonen & KorpimaÈ ki 1995 for the kestrel). The escalating degree of defence could be provoked by an increased number of visits by the researcher (`revisitation hypothesis', Knight & Temple 1986b) , as kestrels may feel more in danger of predation as more predators are detected around the nest site. However, this possibility was rejected because there was no correlation between the defensive behaviour of either the male or the female and the number of visits.
The increase in the antipredator defensive behaviour during the reproduction cycle could also be due to the increase in the value of the brood, because chicks have a greater possibility of becoming adults and breeding, and so achieve a higher value as they get older. If this is the reason for the escalating aggressiveness in nest defence, we would also expect a positive correlation with the number of ospring and/or a negative correlation with laying time, since brood value also depends on these two variables. We did not, however, ®nd any relationship between the intensity of defensive behaviour and laying date or number of ospring. Similarly, the defence index of males of the western Finland kestrel population was not associated with clutch size during the incubation phase or brood size during the nestling phase, and the defence behaviour of females increased with clutch size during the incubation phase but not with brood size during the nestling phase (Tolonen & KorpimaÈ ki 1995) .
However, nest defence behaviour could be conditioned by the availability of food. Some authors have suggested the existence of a trade-o between feeding and defensive behaviour (Bierman & Robertson 1983; Curio et al. 1985) , so nest defence would increase as food resources are more abundant (Martin 1992) . If so, the seasonal increase in nest defence could be explained by the increasing abundance of certain prey (particularly lizards and grasshoppers) (J. Carrillo, unpubl. data) . However, we did not ®nd any eect of prey abundance on nest defence behaviour. Moreover, contrary to this hypothesis, Tolonen & KorpimaÈ ki (1995) found that kestrels defended their young even more intensively when food abundance was lower.
An increase in nest defence as the reproductive cycle progresses may be related to a higher risk of predation (Ricklefs 1977; Gottfried 1979; Montgomery & Weatherhead 1988; Redondo 1989) . A nest becomes more vulnerable as chicks grow (Harvey & Greenwood 1978; Greig-Smith 1980) . This phenomenon may occur in kestrels because the accumulation of excrement, the remains of prey on the nest ledge, and the¯ies around it, the frequency of the adult's visits to bring food and the calls of the chicks make the nest more conspicuous to predators. Indeed, most predation cases took place when nestlings were between the second and third week of age. In agreement with the risk of predation hypothesis, we also found that the nests at lower height from the ground (therefore more vulnerable) were defended more intensely than higher nests.
In short, the risk of predation was the only factor clearly aecting nest defence behaviour of the Eurasian kestrel in the Canary Islands. Although we cannot rule out that this behaviour is adaptive, our data indicate that defence of the nest has an adverse eect on the probability of being predated, because the probability of nest predation was higher with the increase of parental aggressiveness (Fig. 2) . Moreover, this result was independent of the risk of nest predation, as the predated nests were not more accessible than non-predated ones. Defensive behaviour attracts the attention of man towards the bird and makes it easier for the human predator to ®nd the nest. The question arising is then, why do kestrels maintain such a behaviour? We do not have a conclusive response. It is possible that this behaviour evolved in the past, when it was advantageous against other predators, and now it persists because aggressive behaviour may have other bene®ts, for example in intraspeci®c interaction, and both interspeci®c and intraspeci®c aggressiveness may be genetically correlated.
